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( ell union in herbaceous grafting. 

JOHN S. WRIGHT. 


WITH PLATES XXX AND XXXI. 

'Hi'" plants mainly employed in this study were tomatoes, 
potatoes and geraniums, although some work was done with 
° ct> - tradescantia, and a few other kinds of plants. The 
Mure work was done in the winter and early spring of 1892, 

' M»criments being performed in the greenhouse attached 
. * laboratory of vegetable physiology of Purdue Univer- 


tee methods of grafting were employed, inarching, splice 
^ng and cleft or wedge grafting. It is needless to 
n ethpep methods here farther than to say 



. , , Miuwn memoas nere iarmci man 

. 3 * v *'’ inarc bing method the scion is allowed to remain 
c P lrcnt stock until union is formed, while by the splice* 
Wedge or cleft methods the scion must from the start 
connection with the parent and be sustained entirely 

n* r. s ^ 0c j c * In plants which are very delicate and of 

union, the inarching method is the surer, 
in most cases the cleft and wedge are safe and most 

"intent. 

‘ Cas 2»^ stock and scion were held in place by thin 

1 raffia until -thev were 


rt}| 0 

nuy*°nl y ,n certain 


-• f f u v* vy 1 a i iy a 1 1 1 v> w w - - — — 4 

diameter of the stem to increase. 



) in certain stages of growth that herbaceous 
asi j grafted; in quite young plants the tissi 


plants 
tissues are 


*t-on surv >ve the injuries inflicted in the oper** 

(: )*r,’ np 1 e 10 older parts, those past or nearly pastjJtfij 


Hi 


not take place readily because 
ic tissue, as union depends 

m • 4 rm 


^ •CvIVr* .^vvuiaut LI 30 liC y do uniuii - * . 

•lit ,5 growth of this tissue. In herbaceous grafting the 
u-Vni ^ Se ° nly SUC ^ stems as will snap in breaking and 

VoL Xvi «~No. 8. 
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in ti 


U-* » 


cart* 


each graft and when it arrive! as 


not crush at the point of yielding. The scions used ... 
work were in all cases vigorous growing young tips. In ya_ 

plants the stocks were cut close to the ground, in older plm 
higher branches served the purpose. 

In the experiments it was noticed that scions which had gr n 
in vertical position more readily united with stocks which al¬ 
lowed them to retain their original position. Shortly ■"£ 
the operation of grafting many scions wilt and remain n 
drooping state several hours or 
ful attention revive permanently 
Accounts were kept of ___ 

desired age for study the parts at the point of union wtreci 
into small pieces suitable for sectioning, dehydrated if * 

Thomas apparatus and prepared for sectioning by the cc ! d J 

method. 

Although all grafts were recorded so that sections m.gntt* 
had showing grafts at various ages and all stages of cell u/iwi 
study of sections showed that in most instances all '- 1 -'" 
cell union could be found in a single graft. Longitud e - 
transverse sections were made of most grafts, but tne . 3 ' 
tudinal section seldom showed anything in addition to > 
shown by transverse sections. Camera lucida drawn-,- 

made of all sections of importance, and in connection* 
the slides used for study. A number of these drawngs 
been selected to illustrate this article. 











Graft of tomato on tomato. 


Two lateral and parallel to^ 

i* 1 Mu m H 


branches belonging to separate plants had tangential 

each about three-fifths of an inch long, removed from t 

bound firmly togrt 


After about 




h ** 




jacent sides; these cut surfaces were 
with, raffia so that similar tissues met. 
weeks the graft was sectioned for study". The cross 
showed the line of union marked by a ragged k( owni 

w'hich passed with but one interruption entire > ^ 

* . i • fn^ f\vO B*' 

stem. In longitudinal section this junction "i . .. r|CC i 
bers was marked by rows of small irregular parenc^ 
with here and there the intervention of a id 

wall (fig. i ). The sections showed that the ce ? jjtpV 
been injured in grafting had died, while 

beneath them were stimulated to a vigorous grow^ 

meristematic tissue in each member, whic 1,1 ^t ** 1 * 4, 

pushed the broken walls of the dead boundary c^ 
forming between the two members of the gra t 




t> 
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■ wn wall noted in the section (fig. 2, 1 , 1 ). This brown 
' ! in all the instances observed was unaffected by stains 
-led on the section. As will be seen farther on, this wall 
tervIs to disappear with age until at last only a mere trace of 

id existence is left. 

1 this case the tangential slices, removed in bringing the 

1 * an ‘i scion into shape for grafting, carried with them a 

A f the woody zone of each internode, so that in cross- 

HC.ion the remaining part appears horseshoe shaped. In 

>;tu mjr the scion to stock the tips of these woody rings were 

•wd closely together (fig. 3), but in process of union 

r®»cnc lymatous tissue developed and intervened between the 

* > *"ties of the two members, resulting in their wide sepa- 
tttioo, as seen in figs. 2 and 4. 

^? nS ° fp0tat0 ff ra ^ e< ^ to potato no new points were 
* vi" - C Occurring by the process described in the 

■»rkst*h C ^ SC> CXCe P t that the brown wall which so strongly 
;ron Unctl ,n ‘ n case the tomato was not nearly so 


f ^lo and tomato graft 


At 

isted 


c ; .. —The cross section of a wedge 

Mtii’a- POt : lto a tomato, five weeks old, showed that 

: me o*f Ue ^ ” 1St ° Ck an< ^ sc * on ^ a d m ot in the union. 
t*t* Ccri ^ ra nu, i r >erous gaps and small spaces e? 
a an j C W ° members of the graft owing to the irregular- 

c!< and srinf^k" j SS , ° f the cut - The parenchyma cells of 
lirevt, on c f 1 nac * elong a ted towards these places, being the 
• », s .. Cas ^ pressure, and had filled up most such 

’ Seated b- lne °,|’ me ^ting of stock and scion tissues being 
' I« Al Wa . twice the thickness of the ordinary cell 

ged and frag- 

- m • 


jry (j,j C . | >!ac . es 1 s w all was very a.. u 

tat b/th., . eac Ce ^ walls which had been crowded iiuo 

He growth 0 1' Ik ^ ti8SUes; shown in fi ^ r - 5- 

! eccl,s in closing up gaps is similar to growth 
tat(-utside th' C ^** SUC ,n ^uced by surface wounds. The cells 
^^'cred s \ ^ elongated in the direction of 

f>rmcd a ^ ou ^ e the ordinary dimensions or more, 

'*cr>, j 8Cr,es transverse walls making what appeared 

^ waJ| s G f Q .. ke ser * es of narrow plate-like cells, the 

C ''^iMon bci"c Ca Were P ar allel to the cut surface, the longer 
I 5 *) ^oginated 1 ** e 9 Ua ^ width of the cell from which 

rkl’ ^'^ ee fi S s - 5. 11 , etc.) At the outer part of 
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- -—. . 

have met the cambium of the scion while the cambium of tfe 
stock met the parenchyma of the primary cortex in the >ciio. 
The union here was easily accomplished through devd> 
ment of meristematic tissue. The section showed the central 
parenchyma to have been more active in forming a un:# 
than was the primary cortex. 

In one case where a potato scion had been grafted tc n* 


mato stock the central parenchyma of the tomato stock vi 


bound against 


soft bast cells of the fibrovascular 



The bast cells had swollen as if attempting to enlarge, '>'< 
cambium of the vicinity began an active growth, and acce- 
siderable quantity of meristematic tissue intervened bctwe 
the central parenchyma and the bast cells of the fibrovascular 
bundle (fig. 6). 

In one instance the knife in preparing the parts for graitrg 
had removed one side of a cell in the potato scion. *•' 


(Ki 


— — — v w » mm w w* m m. v* * w v* w a --? — • ' 

that the free portions of the severed walls of these twoc* 
were bound end to end. Through continued pressure the ^ 
partial cells had united, forming a cell twice the norma* 
which lived and grew. This large cell, however, threw» 
delicate wall across its middle, forming two cells each of nanw 

and sow 


size, and providing such a neat union 
that it was almost impossible to detect it, 


the path 


• * P 

OJ U** 


V V W ^ 7 • 

knife showing no thickened wall, with but here anc *) \ 
few fragments of dead walls projecting into the new } 0 


See fig. 7. 





e 11. 

v • 

The graft which presented the above interesting ^ 

showed in an admirable way the action of parenclnma^ ^ 
closing up spaces existing, immediately after t e o r >- 

between members of the graft. )n€ .4 

As previously stated the removal of pressure w ^ . 
of the cells both stimulates growth and induces e 
the cells in the direction of least resistance. ll .ij. 
the cells had elongated towards the injured su ace 
length was four times their width; delicate 0^#°® 





idingthem 






length was four times their width; delicate w 

^• m 1 __ 

passed transversely across the cells diVL „ 

of small cells. These transverse walls appeare ^ 
end of the cell at first, and when any variation o ^ 

in the smaller cells, as was often the ease, ^ C QqsCc* j 
mote from the injured surface was the largest. 
nation revealed, in many instances, delicate yo 
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through the young cells at right angles to their longer 
1 he free sides ot these growing cells were much more 


thickened than the others (fig. 8). 

The cross section of another graft of potato on tomato 
IMirod the central parenchyma of the tomato joined to the 
»o t Mst, cambium and fibrovascular bundles of the potato. 
Although the line of union was marked by a slightly thickened 

** . no gaps were present and no development of meriste- 
taatic tissue occurred. The junction of the two members was 

. J nCat as be no more marked than the transition from one 


* 


ssu<: to another in the same plant (fig. 9). 

b/r/TiHii... _ r. 


^'ith great ease. 


9 ft 


Geraniums were grafted to each other 


• The ac f ,on of these cells in effecting union, 

_ occasional modifications, 

Thickened brown 
e tissues, as in thefor- 


...^ , M-, was similar to that seen in 

r gra f S 0f P° tatoes an d tomatoes. 

jfcrpaf"" 3 l y c marked thc iunction of 

c< j| s ( f . s ° me instar >ces where gaps existed in this wall 
k l!.. 1 L X e s ^ oc ^ an< ^ scion had so grown together as to 

In such places the 


•obliterate the path of the knife. 


ax t u 1 tUn ot 1 le ,<niJe - su ch places the 

. f jj n t - eS ? t le ^Us were nearly at right angles to the line 


Junction (fig. I0 ). 

n a,l< ^ to>,la C> grafts .—Geranium scions were easily 

'Urcethnv‘ 0ma ^° s .^ oc ^ s ’ geranium in nearly every in- 
*ould in mereasing in foliage. The tomato scions 

S ’mium st , mSt i nCC ’ ^ lowever , accomplish union with a 

° c The repeated trials proved that in respect 


ITaftincr th *<-peaceci trials proved that in respect 

’•i] cxplanaf le tU /° P^ an ^ s c l° n °t act reciprocally. As a par- 


1 kHe rcladv° n t ^ , - S two ^ acts are offered, viz: difference 
4 &rcncc ; - C 9 uantitl ‘es of sao in tomato and cranium, and 


• in C °f sap in tomato and geranium, and 

Hi* lCl The geranium has relative!v much less 


tty { 



m ' il ly. so lt ° an< ? ,n a< ^ < Jition to this the sap is of greater 

tomato sc‘ 10 graftin ff osmotic action is set up between 
^ sip and ' an< ^ ff eran * u m stock in which the tomato 

a a time when it is least able to stand it and 

th». ^ eris lcs ’ * n case of geranium scion and tomato 




: * 


foe osmotic action 

Wvinp *. ■ , iii Ji 


■ r;mg vvould result beneficially to the scion 

Cross s' ' . rriore sa P at a time when it was in greatest 
• been m or c * lo . ns of these grafts showed the geranium to 
; c active in the formation of the union (fig. I !)• 


r i<u 


jjeraninm *^^potato gt-afts .—Successful grafts were made 

potato stocks. 

$> anium was more active in forming the union, 


In this case as in the 
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[Asp: 


as shown by the cells along the line of junction of the tti 

members (fig. 11). In this graft the wall which marked & 

line of union was thickened but otherwise similar to ordr 
cell walls. 


graft 


Cactus grafts were made, 


sectaa 


r y ^ u ^ c u ^ 1 cl 1 L o \V Cl L 111 cl LI C % it 11 LI ^ v. v *Jvw 

showed the method of union to be essentially like that in tie 
other cases studied. The union occurred in either one<«■ tbe 
other of two ways: long continued pressure holding cell wiA 
in contact gradually causing them to cohere, or throughtk 
development of meristematic tissue by each member. 

Gra fts of a tnonocotyledohous plant .—The only mono. :., 
ledonous plant experimented upon was Tradescantia 
which was grafted to itself with great ease; and with: i 
surprise it was also found to form a true union with a t r> ruP 
stock. In grafting tradescantia to itself the members ' 
graft were firmly bound, and healing was rapidly accom¬ 
plished. The examination of cross sections showed n> 
eral development of meristematic tissue so prominent® 
previously described grafts. Those parts of boundarj c® 
walls which were on the line of union were very much thor 
ened and from all appearances most of the union h“ 1 
effected through long exerted pressure which caused the 
walls permanently' to cohere. Where gaps or spaces ^ 

isted however elongation of cells in that vicinity had occa 

as in other grafts. Wher mM' ‘ ' 

bundle, and a space existed 


parenchyma met a librovi^ 1 • 

between the two, the parenc) 

, j* minnf'fiH- 


— | — — - - - — - — ^ ” - 

cells elongated towards the gap and divided, _ 
new cells until the space was closed and the union 
plished through pressure of the cell walls as in preview* 


Of 


a and tomato .—In cross 


section 




1/iMtstuuiiu unit ivHiutv. 

jraft of tradescantia upon tomato the union was ^ ^ 
is perfect as any between tomato stock and potato 
nany places tissues of both members gave e 


l,uu ; pictv^c^ LlbbUcS OI DULI1 llltm ^ n rl\nn T " te 

narked activity in forming union, in others the ou 
’f border cells were thickened and union here 
iavebeen the result of pressure of the border ce wa 

rp. r . m IC 

i ne tomato was 


ther. 
nion (fi 


the more active m 


CT 


12 ). 


Of 


-ajius in w** 

1 -.. v callus. —Examinations ot<#> 

nd potato slips, which had been placed m ^ 
iade in order to see what relation exists n( j5oi d 

f these external wounds, and of the interna 


firi ’ 

Lrtt) 
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The short account here given is from tlie examination of 
potato callus, as it showed all the parts clearly. From a lon¬ 
gitudinal section it was seen that all the cells injured by the 

k: k ( hed, the parenchymatous tissues immediately beneath 

vigorous and were stimulated to renewed growth. 
II | |j|owards the cut surface occurred in the cells, and 
} finning successive transverse walls each elongated cell 

v ; risc to several small cells, which rapidly increased in 
thickness cell 




thick. 



,, wall, and became rounded. These small 

ce s pushed the dead cells in advance as they grew, and soon 

oped the entire injured tip and extended upward envel- 

°^ ,n ^ * -p. s ' c ' es °f the branch with a mass several layers 

he walls of the callus cells are thicker than those of 

-parenchyma cells, which give rise to them, and the cell 

- are rich in protoplasm. The outer callus cells 

£»vc rise to root hairs (fig. 13). 

t the tip the transition from callus cells through meriste- 
Tj. 4 lssi | e into ordinary central parenchyma is very gradual. 

Tjrin Xa T ,na .V° n ^he showed the first stages in the for- 
g '.°_ ca us to be similar to those in effecting union of 

L itton ^ ansen » "'ho has carefully studied the for- 

* v f c*y i°r *” a US ’ re ^ arc i s a Clj t made in a stem, when vegeta- 

)f0 i ex 1 , f ) . n ? are favorable, as a stimulus to extensive and 

tim ? Ctuitles * In the cut necessary to grafting we have 

it 1 jhs U K S S row th, the parenchyma cells respond to the 

d.,. s .ft ^ ev eloping meristematic tissue which in most 

uects the union. 

to p r | f s f tme callus may be found in the graft serving 
tOjJcj Reverted w h*ch by reason of their position 


rot the r» ra o ^ proper conditions of moisture bepres- 

<iHo* a s .° frequently gives rise to rootlets as docs the 


caltu 
of 


union of 


tissues in the graft and formation of 


an external wound. The callus 


* ,s similar T *1 - l,,c a,,u v ‘ 

rntrr 1 A ' lke causes produce each. One is the healing 

toy evict of 

Pf<N: UCcs a .. c £ ratt . and parenchyma which in one place 

Ct:, t locality P r °t ec t an exposed injury, in an adja- 

in . | C fa c t s a union between stock and scion, the 

sZL h c;,se bc ' n S similar. 

««ncd "1.°' t ' v .° ways: 


in herbaceous grafting oc- 



p r It is accomplished either by long 

% them Ure old cell walls together and gradually 

Permanently to cohere, or through the develop- 
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(Acr* 


ment of meristematic tissue by one or both members of the 

j a |'which the boundary walls meet and unite thpo-n 
pressure, somewhat as in the first case. We generally i 

_ 1 f a 1 • t . O J 





4 » •» * 


part of the union in any particular case formed by thee 

ence of the walls of old cells, and the remainder formed bv 

the growth of new cells arising, as in the case of callus, lw» 
of the cells injured by the knife. 

Broken walls of the injured cells are thus pushed into list 
forming a brownish fragmentary wall, marking the junction & 
the two parts of the graft. This wall tends to disappearwi;k 
age; the smaller young cells along the junction of the t» 
members enlarge rendering the line of demarkation betwan 
the two tissues faint. 

In cases where the severed ends of two woody zones nut 
but were not sufficiently close to allow of union through in¬ 
herence of cell walls, the two opposite ends of woody 1 
were enveloped by meristematic tissue arising from the 
bium layer on the one side and the central parenchyma 
the other. These two layers of meristematic tissue, meet a,' 
each other between the ends of the woody zones united i. 
the preceding cases, except no fragmentary wall separata 
them. When such a process occurred we had the woody r i; 
of the two members of the graft separated by r a lay 
enchymatous tissue similar in sreneral form to a 

_ o 



v *'•*" *-' l-l wJ 1 i i 1 1 1 Cl 1 111 ^ 1 1 1 Cl 1 1 1/ 111 » 

ray. In cases where the woody cells met parench)niu tty 
for union they were often first enveloped by a growth 0 * 
neighboring parenchy^matous tissue of the member 0 
.graft to which they belonged. ^ 

It may be interesting to account for the transferrence 

water from the stalk to the scion. The work of tran ,f 
water from one part of a plant to another is done 
woody tissue, parenchyma being unable to do it. 
chyma intervene betw r een the woody r tissues of sta ^ 
throughout the graft the water supply' of the scion *•' ^ 

Hut this intervention did not occur throughout tM ^ 
where successful union was accomplished; while some: _ 

did not show direct contact of the woody' sysui..^ ^ ^ 
the same graft always disclosed it. In dicotyle on< ^_ 

the binding of the graft nearly always brought t ^ 


rigid woody rings in direct contact. _ 
cotyledonous to dicotyledonous plants, as in tra 
tomato graft the scattered woody bundles of t ie 


In grafting 
as in trader 


of 8* 0 ® 1 
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*< - fe often seen in direct contact with the woody cells of the 

tomato, thus giving opportunity for the transferrence of water 
from the one to the other. 

Naturally one would not expect union between plants of 

different orders, and the successful grafting of Tradescantia 

u ten no upon tomato and of geranium upon tomato was a sur- 

tr 'c. File union of tomato, a dicotyledonous plant, and 

>ra lescantia, a monocotylcdonous plant, was particularly in- 

U'tvsting and points to the fact that a similarity in the ar- 

w^ment- of the woody and other tissues is not essential in 
grafting herbaceous plants. 

opportunity is here taken to thank Dr. J. C. Arthur, of 
I'.due University, for his kind assistance in the preparation 
° ! o‘ ir bele, the work upon which it is based being done 

•HUh r his supervision. 

Botanical Laboratory of Eli Lilly & Co., Indianapolis , Ind. 



Explanation of Plates XXX and XXXI. 

f * tiadfsc qJj 5 USed * ^ 4 ^ ne of union; G, geranium; T, tomato; P, potato; 
PLATE XXY P’ t 

< f uni do -Ip* ^ *8 T * ^ on g- sec. of T to T; n young cells formed in process 

tr-J porenrhvm 2 ‘ T ran ^' sec * of T to w, w, woody zone; cp. cp % cen- 
T *o 7*. ^ . ^ cortical parenchyma; m % young cells.— Fig. 3 * Trans, sec. 

F,g ^ Tra 1 W °° dy zo ^ es *» position of w , 70, shown at time of grafting. 

- T l r ns * sec * ^ to P* showing position of 7v % tv, after graft ha - ! healed. 
— P» 6 T inS SeC * ^’ trough central oarenchyma; n, c % young cells, 
Tra^;. ?*£ p f nS 7* Se £* ^ to T; cm, cambium tissue; b , bast cells.—Fig. 7 - 

broV*>° ' through central parenchyma; n, young cell walls; a % frag- 

^ 7 ! showimr Wri ^formerly occupying places of n. —Fig. 8. Trans, sec. 

rp -.a 15 ^ row th of tissue and formation of young cells, n,n % in closing 

^ of bonndarv rli young transverse walls dividing young cells; t, (, thickened 
Plati XXXF v CC ^ S ‘ 

■fiBL. 9 - Trans, sec. P to T; sb, soft bast cells; c tn, cam- 

! na- ' u IO ‘ ^ rans - sec. 6’ to G. m m. newlv formed cells; « n , 

-Fi, |, pj L rDchyn ia cells.-Fig. 

-- • Trans Td to T- 




ii. 


L1C>W> 

Trans, sec. G to /V ri f young c^lls. 

fi Kmuncrn 1 nr* KunHlp’ If. VOUDff CCllSi 


4 bas^r .n^ ca ^ Us forniation. c , c , r, on potato slip: w, fibrovascular 
iti cutting k* ^ ceQ tral parenchyma: br, the broken walls of celli 
^ t’ich3^ ri * ; sli P*» A* formation of callus cells by parenchyma cells, 

ans,n S from callus cells. - - ^ 





